Accumulation of glutamate in synaptic vesicles is mediated by vesicular glutamate transporters called VGLUTs. In the current issue of Neuron, Preobraschenski et al. (2014) show that the VGLUTs, in addition to transporting glutamate, also provide the conductances necessary to maintain the appropriate voltage and pH inside these vesicles.
During chemical synaptic transmission, neurotransmitters accumulate in and are subsequently released from intracellular compartments called synaptic vesicles (SVs). This process is a fundamental step in neuronal function as well as in nonneuronal systems. Glutamate is the major excitatory neurotransmitter, and therefore, the mechanism of its accumulation into SV is of major interest to neurobiochemists, neurophysiologists, and cell biologists. Dysregulation of glutamate accumulation in SV has been associated with schizophrenia and epilepsy (Omote et al., 2011) . Our genome encodes for three vesicular glutamate transporters (VGLUT1-VGLUT3), which belong to the SLC17 family (Omote et al., 2011) . These transporters utilize the electrochemical proton gradient (DmH) created by V-ATPases as the driving force for glutamate uptake in the SVs. The H + -pumping activity of the V-ATPases establishes a pH gradient (DpH), and in so doing, it also gives rise to a membrane potential (Dc) (Figure 1 ). Interestingly, in addition to its function as a H + -driven glutamate transporter, VGLUT2 can also utilize a Na + gradient to drive phosphate transport in a glutamate-independent manner (Juge et al., 2006) . In the current issue of Neuron, a new paper from Preobraschenski et al. (2014) shows that VGLUTs have yet other transport function: they mediate uncoupled Cl À movement as well as
Since the internal volume of SVs is small, the presence of uncompensated charges and unbuffered protons would generate Dc unfavorable to transport and drop the vesicular pH below physiological levels, both factors which limit neurotransmitter accumulation. Therefore, pathways for the efflux of H + and other counterions, mainly Cl À and K + , must exist in SVs to maintain physiological levels of pH and charge balance. While several reports indicated that these conductances do exist (Goh et al., 2011; Stobrawa et al., 2001) , their molecular identity remains debated (Schenck et al., 2009) . Among these ions, Cl À plays a key role in regulating neurotransmitter uptake, acting both as a counterion and as a regulator of VGLUT activity (Martineau et al., 2013; Schenck et al., 2009; Stobrawa et al., 2001 (Stobrawa et al., 2001) , but this idea was later refuted since SVs purified from CLC-3 knockout mice still retain WT-like Cl À -dependent activity (Martineau et al., 2013; Omote et al., 2011; Schenck et al., 2009) .
Chloride regulates VGLUT activity in a complex manner: it is both a stimulator and an inhibitor of VGLUT-mediated glutamate uptake into SVs. In the absence of Cl À , transport is completely eliminated, indicating a strict requirement for this substrate. As the Cl À concentration rises, transport activity increases sharply, peaking at $4 mM, and subsequently decreases again in the presence of high Cl À (Juge et al., 2010; Moriyama and Yamamoto, 1995; Omote et al., 2011; Schenck et al., 2009 (Figure 1) . How a single protein can adapt to and switch among such diverse modes is an open question that will require further work to be elucidated. In the current manuscript, Preobraschenski et al. (2014) propose a model in which the VGLUTs have three binding sites, one cationic and two anionic, that alternate exposure between the two sides of the membrane. The location of these sites is unknown, and their interaction is remains poorly understood. Evidence from mutagenesis studies showed that the glutamate and phosphate transport machineries are independent (Juge et al., 2006) , suggesting that structurally separate pathways might exist. It will be interesting to see whether the VGLUTs can simultaneously support two or more of these different transport modes. The intertwined physiological roles of the various functions together with the independence of the glutamate and phosphate transport would be consistent with the idea that multiple activities could be carried out simultaneously. If the functions are mutually exclusive, then how do VGLUTs switch between the different transport modalities? Could it be as simple as being determined by which of the ions or substrate binds first? Alternatively, it is conceivable that a more complex conformational change might be required to place these transporters in the appropriate mode.
The physiological implication of these experiments is important and surprising: the VGLUTs alone can provide all the shunt conductances necessary for glutamate accumulation in SVs. This eliminates the need for any additional components, other than the V-ATPases, whose role is to provide the H + driving force. The unusual multiplicity of activities carried out by the VGLUTs allows them to adapt to the varying ionic conditions encountered as the SVs change their ionic content while becoming loaded with glutamate molecules. The simplicity of this solution to such a complex problem is appealing and economical.
While additional experiments will be needed to determine whether additional transporters and/or channels contribute to these shunt conductances, the results obtained by Preobraschenski et al. (2014) show that these additional partners are not necessary and that the VGLUTs are the Swiss army knives of transporters. Gliotransmission, a process involving active vesicular release of glutamate and other neurotransmitters by astrocytes, is thought to play a critical role in many brain functions. A new paper by Nedergaard et al. (2014) identifies an experimental flaw in these previous studies suggesting that astrocytes may not perform active vesicular release after all.
Over the past two decades, the role of glia in the brain has undergone a renaissance of sorts. (Cornell-Bell et al., 1990; Nedergaard, 1994) . This was an alluring finding, because it indicated that astrocytes not only receive information from neurons but also that they could potentially feed signals back to neuronal networks. This idea quickly gained traction and gave rise to the novel theory of the ''tripartite'' synapse. This new model proposed that signal integration and transduction at synapses should be considered in terms of not only presynaptic and postsynaptic terminals but also adjacent perisynaptic astrocytic processes. Since the coining of this term nearly two decades ago, over 100 studies have been published on the role of gliotransmission in normal brain function. But over time, significant dissent in the field has questioned the paradigm of astroglial transmitter release and modulation of synaptic transmission. This topic has been reviewed extensively from perspectives both in favor of astrocytic transmitter release (Araque et al.,
2014; Halassa and Haydon, 2010) as well as those to the contrary (Agulhon et al., 2008; Nedergaard and Verkhratsky, 2012) . The main criticism against astrocytic transmitter release has been concern about the nonphysiological nature of many of the experiments in support of gliotransmition. Most of these studies have been performed on cultured astrocytes, raising the question of whether gliotransmitter release actually occurs in vivo. Perhaps the strongest in vivo evidence in support of gliotransmission was the development of a transgenic mouse line in which vesicular release could be specifically inhibited in astrocytes. In these mice, the formation of the SNARE complex between vesicles and the plasma membrane is inhibited by the expression of a dominant-negative domain of the vesicle-associated membrane protein 2 (VAMP2) protein, which interferes with endogenous VAMP2 expression and thus prevents VAMP2-mediated membrane fusion (Pascual et al., 2005) . Most importantly, the glial-fibrillary acidic protein (GFAP) promoter is used to drive
